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MATHEMATICS ACHIEVEMENT fN;SCHOOLS HAVING AND NOT HAVING CMI:
AN ASSESSMENT OF MICA
by
Alan L. Roecks
.John Chapin

Madison Metropolitan School District

This éaper focuses on the development of Computer Managed Instruction (CMI)
in the Madison Metropolitan School District.in Madison, Wisconsin. The CMI
effort involved about 900 fourth and fifth grade students in nine elementary
stnools, all having the same mathematics curriculum. During the 1975-76 academic
yvear six of the schools used CMI and three of the schools did not have CMI and
used manual systems. Application of Students' t-test on gain scores for fifth
grade students in CMT and manual schools reveal no significant difference (p<
.01) between groups.

The remaining program evaluation results for the CMI effort were considerably
more encouraging, however. These results revealed that the CHMI system was
effective in relieving teachers of clerical burdens ;nd providing them with
useful information - thus, facilitating the process of individualization of
instruction. The findings, furthermore, indicated that cuality of instruction
provided the nine s.:i~ols was apparently quite satisfactory. A final finding

was that schools underwent few changes in order to implement CMI.
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The real argument for more educational computing goes
beyond merely using the computer as an efficient means
of instruction., It is much more. The computer in the
schoolhouse is the first essentisl step towards compu
ter literacy, the most meaningful, direct link that

today's students have with the outside world. (p. 46)

Harold J. Peters, Computer Decisions, July 1976

BACKGROUND

Wiley (1975) points out the declining rate of productivity in the
economic sector of the United States has been receiving considerable
attention duriug the past decade. However, concern about educational
productivity has been expressed only recently, despite the fac;/;hgt 8
percent of the American gross national product has beecn earmarkad for
education. Rochart and Morton (1975) have stated the use of dg:futers
in education has increased at an annual rate of about 20 perce since
1971. Lippey (1973) suggests three classifications of computer appli-
cations in education, indicating computers are used as research tools,
for student programs, and for operational support. Among those appli-
cations of the computer in support of instruction, he contends, there
appears to be an increasing interest in using the computer to assist
in managing instructional activities rather than administering instruction.

Nearly all such Computer Managed Instruction (C.M.I.) activities
support some aspect of individualization of instruction. A CMI
systew should have as its primary objectives collecting and processing
information on students (Spuck, Hunter, Owen and Belt, 1975). This
information is then disseminated to educational decision-makers so
that it will have direct and forceful impact on the process of instruc-
tional decision making. Cooley and Glaser (1968) in describing the
role of the computer stated: '"The function of the computer in a CMI
system focuses upon allowing better information flow to the complicated

‘decision process on a continual basis! (p. 1). At the operational

level, Bolton and Clark (1973) maintain a dual function exists for a
CMLI system: to utilize the computer to optimize the learning environ-
ment for each child and to maximize the efficient use of human and
material resources. Chapin and Roecks (1975) discuss some of the
issues involved in implementing a CMI system at the classroom level:

Teachers in individualized programs face diversified student
populations whose needs are only truly met with an instructional
system that can cope with students who have highly varying

basic abilities, educational experiences, and basic skills.

These students, whose rates of learning might vary by as

much as a factor of six, require individualized goals.

Unique pathways through the curriculum, different learning styles,
indivicually selected assiguments, and alternative assessment

4



strategies are required to meet the potential of individuali-
zation. 1In terms of curriculum materials, the primary problems
is one of sbundance. The last ten years have seen an explusion
in the amount and variety of commercial curriculum materials that
can be used across the subject spectrum. Just keeping track of
what is available, much less what is used within a large school
system, has become a major administrative task. How is a teacher
to manage the use¢ of multi-texts, supplemental materials, learn-
ing packets, moduiar units of instruction, multiple tests...?

All ot these materials must be integruied into the instructicnal
system so tnat at the proper moment the classroom teacher can use
the correct instructional material to meet an individual's unique
preblem.  (p. 7).

Tn 1968, the first major CMI system, IMS, became operational
through the efferts of the System Development Corporation of Los Angeles
(siiborman, 1968). Since this time, several CMI efforts similar to
IM5 have been developed. Tn reviewing these early CMT cefforts,

Baker (1971) has liszed four common functions that were being performed
by the computer in each of the CMI Systems: test scoring, diagnosing,
pr=seribing, and reporting. The major difference between these OMI
s¥stums, he noted, lay in the relative amount of emphasis actually
given to each of the four functions. Wiley (1975) reports one of

the most successful CMT efforts has been Kelley's individualized
econunics course which was piloted at the University of Wisconsin in
1971-72 and is presently being used at Duke University. Cooley and
Glascr (1968) describe a management information system, 1PT/MIS, de-
signed by the Pittsburgh Learning Research and Development Center to
tperate a program of Individually Prescribed Instruction. Lekan
(1971) indicaced the AIMS system proevides considerable information
about students and uses this information in the optimization of
Ingrouetion. WIS-SIM, which was develoved by the Wisconsin Rescarch
aud Neveiopeent Center for Cognitive Learning, supports a program of
Individuaily Guided Instruction for ahout 1000 elementary students
(Spuck, Hunter, Owen and Belt, 1975). Two of the more recent CMt
cfforts for which evaluation information is available are Project PLAN
and MICA. Thesc systems are described in more detail in the following
pages.

Project PLAN (Program for Learning in Accordance with Neeads)
which is distributed by Westinghouse Learning Corporation is a com-
puter managed individualize:d learning program that allows each stu-
dent to learn at his cr her own rate in several content areas. The
computer assists the teacher by planning student instruction, keep-
ing track of student progress and scoring and analyzing tests. In
assessing Project PLAN, Patterson and Johnson (1974) found that
eight out of twelve classrooms showed a teaching pattern of relatively
high individual interaction, low group interaction and high classroom
management activities. Their rescarch also indicated PLAN teacliers
specd more time in individual and small group instruction than
regular classroom situations. With regard to student achievement,
Patterson (1974) found student mathematics results from standardized
tests at grades 4 aud 5 to be slightly better for PLAN schools. 1In
responsce to attitude surveys, students in 12 out of 13 PLAN classrooms
indicated higher satisfaction than did students in control classroons.
Teachers in PLAN classrooms indicated higher relative satisfaction
than did control teachers.

- Q 5
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MICA (Mopagement of fnstruction with Computer Assistance) is a
CML software svstem which has been primarily funded by Title TI11,
E.S.E.A. Toctred in Madison, Wisconsin, this effort has supported an
individualized mathemotics curriculum for the fourth and [ifth grade.
In deve i. +ing MiCA, a group of Madison teachiers at Sherman Elementary
Scheol .-wrmin a cooperative cffort with the University of Wisconsin
Laboratory of Experimental Design to develop a CMI system whose purpese
was to provide a feasible means of implementing individualization of
instructicn. This effort began in 1972 and after a year of systcems
work MICA was piloted at Sherman School using the teacher-designed
math curriculum. : '

The development of the MICA software system paralleled further
develepment of the Sherman math curriculum. Operationally, this mearnt
that schools wishing to have CMI subsequently adopted the individualized
math curriculum in their schools and actively participated in CM1
devolopmental efforts. As of Fall, 1975, nine elementary schools were
supporting the Madison CMI effort and were using the same curriculua,
Shevman math. The fourth and fifth grade population involved in this
cfiort consisted of about 900 students.

Due to limited financial resources, only six of the nine schools
were able to receive the full impact of CMI; i.e., only six schkools
had computer terminals in the schools and used the MICA software
computer package during the 1975-76 academic year. The remaining
three schools who did not have computer terminals and thus, the support
of MICA, taught mathematics in the same way as the schools having CM1;
recordkeeping and other clerical tasks in these schools were performaed
by school staff rather than the computer. These schools were then
identified as "manual" or "non-CMI" schools. It should be noted that
i aetual choloe of wivich schools yeceived 700 wuppori vith the
possible exception of Sherman School whose staff provided initial
leadership--was essentially arbitrary. Those schools rot receiving
CMI were assured of CMI support whenever additional funding became
available,

PROGRAM EVALUATION FOR MADISON'S CMI EFFORT

A rather thorough program evaluation of the Madison CMI effort
was begun in 1975 and completed over a year later in the Summer of
1976. This evaluation examined the effectiveness of the MICA sof tware
system, the quality of instruction provided for the nine¢ schools
associated with the CMI effort, and the nature of change due to imple-
menting a technologically innovative product (CMI). '

Efficieney of MICA Software

Successful implementation of CMI is dependent on an cfficient
software system which can meet the needs of the individualized instruc-
tional setting. (Baker, 1977). 7The philosophy involved in the develop-
ment of such a software system has been articulated in an earlier
article by Chapin and -Roecks (1975):

C.
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Underlying this effort was the development of an acceptable
philosophy of instruction that such a CMI system was to support.
The central principle was that teacher: should be 100% frec of

all clerical or non-instructional tasks and that all data process-
ing should be done by machines or aides. Teachers should devote
their time entirely to teaching and they should have all informa-
tion required for instructional decisions readily at hand. These-
general feelings were captured in a Madison Public Schools Research
and Development Department study of the Shermar effort which
concluded that the real needs of individualization could only be
met with a utilitarian system that could handle multiplce schools,
nultiple curriculums, and a wide variety of instructional settings
and piilosophies. Such a system must compiétely remove the
cterical burden from the teachers without impnsing upon them
a-bitrary and unwanted decisions or information. The system must
be jnteractive and fast enough to process information at a rate
¢'1il to the speed at which students come to decision points in
the curriculum. Neither students nor teachers can afford to wait
for proper informaticn. (p. 10).

With these guidelines in mind, several time and motior studies
were done to ascertain how much teacher time was spent in individualired
sctiings with MICA and in settings without MICA support, or manual
setitings. These studies revealed that teachers using the MICA system
were freed of nearly all clerical burdens previously associated with
inlividuzlization; furthermore, these teachers were able to provide
wore lustvuctional time for students during math hour (Chapin, Heggland
an! furtz, 1976; Roecks, Kurtz and Heggland, 1976). In comparison to
mantil settings not having ‘MICA, it was found that the individualized
sc.tings with MTCA could handle irnformation recording and retricval
tanis faster with less labor required and that less student time was
Sgeat in walting activity (Chapin, 1976; Chapin, Heggland and Kurtz,
13:6; Roecks, Kurtz and Heggland, 1976). In summary, these results
strongly suggested that the MICA system had been able to facilitate
the precess of individualization of mathematics instruction. A survey
of teacher and student attitudes towards the MICA system also support
this contention (Roecks, 1976 [b]; Roecks, 1976 [eD).

Quality of Instruction in CHMI Schools

A second emphasis of the program evaluation invelved resecarching
the quality of instruction provided--a factor which can profoundly
influence student perforraince. The quality of instruction provided to
students is dictated in large part by two considerations: the effective-
ness of the instructional zgonts (teachers) and the overall worth of
the iInstructional program {curriculum). The MICA evaluation staff
addrossed these two issues describing the quality of instruction for
the sine schools having Sherman math including the six CMI schools.

It was found that teachers participating in the MICA program not only
believed and actually had wore time available for direct intevaction
with students--making them more effective instructional agents (Roecks,
19i¢ [b}). Students in schools having the instructional program
supporting the MICA system, Sherman math, recorded scores at icast as
higli as students in schools having a more traditional curriculu:

.
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(Roecks, 1976 [a]). Thus, one factor which strongly influenced stu-
dent performance--the quantity of instruction provided, was shown by
studies of teacher cffectiveness and curriculum wyorth to be quite
adequate in the six schools supported by MICA and the threc manual
schools.

Changes Resulting from Twplewmenting CMI

The third emphasis of the program evaluation involved researching
the nature of change accompanying the implementation of CMI. The
nature of this problem made this research approach primarily descriptive.
Three factors were identified as impacting the change. The factors
included the time at which each school began to use the MICA software
system, eich school's commitment to CMI and the degree of developmental
preblems experienced by each school. Interaction among and between
factors was likely present, waking the factors somewhat interdependent.
The effect of each of these factors on the nine schools involved in
implementing CMI is summarized in Table 1 below.

Sherman School housed the pilot activities for the Madison CMI

- cffort, receiving in the Fall of 1973 the support of a limited version
of the MICA software package. Sandburg became the seond pilot school
in 1974, using an abridged version of MICA. The "official” version of
CMI was launched in the Fall of 1975 using a completed version of the
MICA software package. Four elementary schools--Glendale, Muir,
Schenk and Thoreau--in addition to Sandburg and Sherman participated
in this cffort. The remaining three schools using manual systems were
Emerson, Lapham and Spring Harbor. .

Tabl.: 1 _
Factors Involved in Implementing
CHMI +in Nine Schools with Sherman Math

CMI Implementation

Factors
Elemen-
tary School Commitment to Degree of
Having Sherman Used MICA CMI during 1975-76  Developmental
Math Software in School Academic Year Problems
Glendale Began 1975 high low
Muir Began 1975 - very high low-medium
Sandburg Began 1974 med-high low—medi%m
Schenk Began 1975 high low
Sherman Began 1973 high low
Thoreau Began 1975 medium medium
Emerson manual.éystem medium very low
Lapham manual system very high v low-medium
Spring Harbor manual system ﬁed—hlgh very low

3

N



O

ERIC

Aruitoxt provided by Eic:

Evaluating the cost of the MICA program was straightforward and
it was demonstrated that the adoption of the MICA pProgranm into the
school zystem would result in a significant cost/student reduction
over a ten-year period (Chapin, 1976). Attempting to assess the
effect of CMI (in the form of MICA) on student achievement, however,
posed a considerably more complex problem.

The principle problem we faced was a conceptual orc; namely many
factors influence student performance to a greater extent than CMI--in
fact CML affects student performance in only an indirect manner. CMI
directly affects the teacher by providing him or her with useful
instructional information and relieving the teacher of clerical burdens.
The instructional milicu is then eariched by a system of CMI. The
classroom environment, however, is only one of many factors affecting
student achievement (Harnischfeger and Wiley, 1976). Other potential
factors which could have influenced performance of students in schools
participating in the CMI effort included the quantity of instruction
ir instructional setting, home/community environment, the quality of
inst ructionl and sceial background of teachers and students.

These conceptual considerations were presented to the Board of
Education in June of 1976. The arguments were apparently not persua-
sive and an evaluation of the patterns of achievement for the schools
involved in the CMI effort was therefore begun in July, -1976. Of
particular interest was research comparing achievement results for the
six schools having MICA with results for the three manual schools.

The remainder of this paper will chronicle the methodology employed in
this research, the subsequent findings, research limitations and a
discussion of results.

lAs discussed earlier in the paper, research invoiving the quality of
education revealed that the quality of instruction was quite adequaie

- for the nine schools participating in the CMI effort. Hence, student
performance is apparently more profoundly influenced by other factors
than quantity of instruction.
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METHODOLOGY

During the Summer of 1976 a study was begn Lo do research achieve-
ment outcomes of students in schools particirating in the CMI cffort.

The population for this study consisted of all students in the
nine elementary schools exposed to the Sherman math curriculum durirg
their fifth grade year of 1975-76, 433 in anumber. The sample con-
sisted of all fifth grade students !i. the nine elementary schools
using Sherman math who nhad remained at the same elementary school for
the past threc years, 342 in numbrr. Thus, 70% of the students were
present from Crade 3 through Grade 5. The motivation for selecting
the sample in this manner was to control for the possible effects due
to student mobility.2 An adiitional benefit afforded by this selec- !
tion procedure was that we could then focus on all students who had
been exposed to the Sherman Math curriculum for the previous two
years, since Sherman math (and CMI) is offered during the fourth and
fifth grade years.

The achievement measures used in this study were student mathcema-
tics results from the Sequential Tests of TFducational Progress (STEP).
These tests were administered to students during the 1975-76 academic
year at the beginning and end of their fifth grade experience. Using
these tests as criteria, we could then examine students performance in
mathematics during their fifth grade year. The Basic Concepts test
was administered at both the beginning (September, 1975) and end (May,
1976} of the 1975-76 academic year. The Computation test was adminis-
tered only once--at the end of the fifth grade year. Thus, a period
of eight months spanned the testing of students entering and leaving
Grad= 5,

Research Question T

Twe research questions were addressed by this study. The second
question is discussed in detail in the next section. The first question
asked if there were diff2rences between the achievement outcomes for
students in the six schools having MICA and the three manual schools.
Stated formally, this question asked:

QUESTION T: IS THERE ANY DIFFERENCE BETWEEN ACHIEVEMENT OUTCOMES
T FOR STUDENTS IN SCHOOLS HAVING MICA COMPARED TO MANUAL
SCHOOLS?

Two comparison groups were defined by this question: the 267
students in the six schools with MICA- and the 75 students in the three
manual schools. For further information on specific composition by
school, the rveader is referred to Table 1 presented carlier in the

paper.

25tudent mobility atfcects some school's achievement scores positively,
others negatively. In other words, better students wmove into those
communitices served by som2 schools, poorer students move into commu-
nities served by other schools.

10



Descriprive information for answering this question was obtained
by computing mean and standard deviation values for both groups.
These mcasures ' r2: determined for the two Spriung assessments (Basic

Concepts and (. .ip.tation tests) as well as the Fall assessment (Basic
Concept tesi:.

A mesan.gful statistical analysis for student performance must
take into account both entry (pre) and ending (post) levels of per-
formance. For this study, a student's "entry" score was his or her
Grade 5 Tall assessment result; his or her "ending" score was the cor—
responding Grade 5 Spring assessment result. As the Computation test
was administered only once in the Spring, results from the Basice
Concepts test, which was given twice, were used.

A difference score for cach student was computed by subtracting
his or her Fall Basic Concepts cest score from the corresponding
Spring score. As expected for nearly every student this score was
positive, reflecting a gain in mathematics achievement.

A statistical comparison of the difference scores for both groups
vas made using Students t-statistic (see Hays, 1973). A statistical
difference (p ¢ .0l1) between group means indicates achievement differ-
ences between groups exist. The nature of such differences could then
be explored by examining the magnitude of differences.

Research Question II

The first research question comparcd achicvement results for
“students in’schools with MICA with results from students in manual
schools. This question then was very specific in nature; it was posed
in response to inquiry from the local Board of Education.

The second research question, on the other hand, was concerned
with possible differences in achievement results awong all nine schools
participating in the CMI effort.  This question then was general in
scope; it was posed by members of the MICA evaluation staff who wished
to research the issuc of how much an effect (if any at all) that
implementing a CMI program had on student achievement for partici-
pating elementary schools.

The motivation behind carrying out this research was to establish
whether or not factors previously identfiad as impactiug implementation
of a CMI system actually influenced studcnt performance. (For more
information on the specific factors, the reader is referred to Table 1.)
As stated earlier, we had good reason to: believe that the implementation
of a CMI program was accomplished without major problems in nearly all
schiools and thus would have little influence on student performance.
This question then provided a means for empirically validating this
claim,

11
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Stated formally, Research Question II is as follows:

QUESTION II: 1S THERE ANY DIFFERENCE AMONG SPRING ACHTEVEMENT PATTERNS
FOR SCHOOLS INVOLVED 1IN IMPLEMENTING CMI AFLER ADJUSTMENT
HAS BEEN MADE FOR STARTING ACHIEVEMENT LEVELS?

In order to address the issues contained in this question properly,
it was necessary to adjust "ending" or Spring assessment values accord—
ing to the "starting" values in the Fall. The same issuc was resolved
in Question I by computing difference scoves for the two groups under
consideration. Tor this question, however, nine grouﬁg_(each of the
schools) were being considered. T : ¢

Two techniques that are often considered appropariate in such
situations are covariance analysis and blocking (Elashoff, 1969), Tor
this study, covariance analysis appeared to be preferable due to the
difficulty of establishing meaningful blocking levels across all mine
schools. A further discussion of this issue is given by footnote 3,
presented in the Appendix.

Critical Assumptions for ANCOVA:

Before covariate analyscs or analysis of covariance (ANCOVA) can
be applied as a valid statistical technique, certain critical assumptions
must be met. Assumptions critical to the underlying rationale for the
use of covariance analysis arc that assignment to treatments has been
at random, that the covariate is independent of treatments and that
there is no treatwent - slope interaction (Klashoff, 1969). A discus-
siorfeof how the design of this study met these assumaptions is given in
the Appendia,

For now, it is sufficient to say that two of the three crucial
assumptions are definitely met for this study. The assumptions of
randomization of students to treatment groups was apparently violated.
Kirk (1969) points out that ANCOVA can bg uscful in situations such as
addressed by this question provided caution is taken in interpreting
results. In particular, in such cases, we can be sure that the
covariate adjustment has removed all bias.

ANCOVA Hypotheses

ANCOVA was applied to the fiith grade mathematics achievement
results for two different situations. 1In each case, the dependent
measi re was the student's Spring test score; i.e., for Case 1, the
dependent measure was the student's results on the Basic Concepts test
and for Casc 2 the student's results on the Computation test. The
same covariate was used din both cascs: namely, the student's score on
the Fall Asscssment of the Basic Concepts test. The independent
variable under study was the impact of implementing CMI as it ctfected
cach school,

10
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Mogk formally we were interested in testing the following hypotheses
reseliited here in null form:

.

Ho: CASE 1l: There is no.significant difference among adjusted

means scores for the nine schools (p<.0L) participating in the CMI
effort. The dependent measure of interest is the student's scorc on

the Spring Math Basic Concepts Test and the covariate is the student’s
score on the Fall test of Math Basic Concepts.

Ho: CASE 2: There is no significant difference among adjusted
mean scores for the nine schools (p <.01) participating in the CMI
effort. The dependont measure of interest is the student's score on

the Spring Computation test and tho covariate i§.£h£ student's score
on the Fall Math Basic.gpncc3£§_test.

Should the results reveal significant differences amoug mean
scores, implementing CMI apparcently had an effect on student achicve-
ment.  The nature of this effect could be further explained by employing
post hoc comparisons in order to ascertain just where differences lie.

QUESTION I: IS THERE ANY DIFFERENCE BETWEEN ACHIEVEMENT OUTCOMES
FOR SCHOOLS HAVING MICA COMPARED TO MANUAL SCHOOLS?

This question was addressed by considering the achievement outcomes
for two groups: the 267 students io rue six MICA schools and for Lhe
75 students in the three manual schools. Mean and standard deviation
values computed for botl, groups on the one Fall measure (Pasic Concepts
test) and two Spring measures (Basic Concepts and Computation test)
are presented in Table 2 below. These .results suggest very little
differcnce existed between the two groups.

The results on the Spring assessment of the Computation test
reveiltled a mean score of 41.0 for the MICA student group and a stightly
lower mean score of 40.1 for the manual group. The standard deviation
values were very similar and were 10.8 and 10.9 for the MICA and
manual group respectively.



: TABLE 2
Descriptive Statistics for Students in Elementary Schools
Having MICA or Manual Schools
{(Grade 5, 1975-76 Academic Year)

Standardized
test

Nine ° . STEP test of STED test of
Schools - Basic Concepts Mathematics
Having ‘ Computation
Shernan - .
Math ~N Fall Spring Spring

N X S.D. X s.b. X  s.D.
Schools Having 267 27.3 8.6 32.4 9.2 41.9 16.8
MICA (six schools) |
Manual Schools 75 27.1 7.8 32.4 8.8 40.1 10.9

(three schools)

The results for the Basic Concepts test indicated essentially uo
difference between Tall (or sturting) mean values and Spring (or
ending) values. Students in schools having MICA began Grade 5 with a
slightly higher mean score (27.3) than students in manual schools
whose mean score was 27.1. Mecan scoves for both groups were identical
for the Spring testing with a value of 32.4 being recorded.

A t-test basced on the differcnce scores on the Basic Concepts
test for students in each group revealed no siznificant differences
(p<€ .01) between groups.,

Thus the results strongly suggest there was no significant dif-
ference between achievement outcomes for students in schools having
MICA and for students +in manual schools.

QUESTION 1[: TS TIERE ANY DIFFERENCE AMONG SPRING ACHIEVEMENT PATTERNS
FOR SCHOOLS INVOLVED IN IMPLEMENTING CMI AFTER ADJUSTMENT
HAS BEEN MADE FOR STARTING ACHIEVEMENT LEVELS?

This question was addressed by application of analysis of covariance,
witere the stulent's Fall assessment score served as covariate and the
student's Spring assessment scores were usad as dependent variables.

Two cases were considered, one for each dependent variable. Tor

Casc 1| the dependent vaciable was the student's Spring Basic Concepts
test score; for Case 2, the dependent variable was the student's
Spring Computation test score.

The disappointing results revealed F-statistics whose value was
less than 1. The F-statistics reflecting the degree of difference
amung, mean scores for Case 1 was .86 and .97 for Case 2. The ANCOVA
tables for Cases 1 and 2 are presented in Tables 3 and 4 as shown
below, Mean and standard deviation values for each school on all
three tests are given in the Appendix.

Q 12
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F-ratios less than 1 generally indicate that the statistical
analysis is suspect. Hays (1973) suggests that such a condition
results when randomization has not boen successful. Thus, it appears
that Question II cannot be addressed employing the technique of analysis
of covariance.

Table 3: ANCOVA Table for Case 1
Dependent measure: STEP Test of Mathematics Basic Concepts,
Spring Assessment

Covaviate: STEP Test of Mathematics Basic Concepts, Fall Assessment

ANCOVA Table

Source Desrees of Froedom S.S. M. S, _F

Among Schools 8 139.71 17. 406 .86
Error 332 6704.52 20.19

Equalicy of Slopes 8 115.8 19.49 .96
Frror 324 6548.63 20.21

Table 40 ANCOVA Tuble tor Case
Dependent measure:  STEP Test of Mathematics Computation,
Spring Assessment

Covariate: STEP Test of Mathematics Basic Concepts, Fall Assessment

ANCOVA Table

Source _____Dbegrees of Frecdom 5.8, H.Sl_ Fo

Amonyg Schools 8 372.16 46.5 .97
Error 332 15991.24 48.17

Equality of Slopes & 279.27 34.91 .72
Error 324 15711.98 48,49
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LIMITATIONS AND IMPLTCATIONS

Listed below are some of the limitations of this study which the
reader should keep in mind while reviewing the findings presented.
The first set of limitations are specific to Research Question T,
which examined differences between achicvement results for stuﬁgnts in
schools with MICA and for students in manual schools.
‘»

L. The purposg of Computer Managed Instruction (CMI) is to facilitate

individualization of instruction in » continuous progress sotting
by relieving the teachers' ¢ erical fwurden and freeing up more cof

their time to directly interact with students. The computer,
when used in this manner, can then be seen as directly affecting
the teacher, but only indirectly affecting the student. This
study e\amlned the possible effect of a CMI project (MICA) on
student achievement. Tt is unclear just he r conclusive the

. results of such a study can be.

2, Educational innovations such as CMI often take several years to
be assimilated into or rejected by the educational community. Tt
might very well be that the full impact of a CWL project such as
MICA has yet to be realized.

3. The Sherman Math curriculum (and CMI) was used for students in
both the fourth and fifth grades. This study dealt with only the
impact of the curriculum (and CMI) for students during their
fifth grade experience. Future studies should research perfor-
mance at the fourcth grade level.
1 Thete weote pereis e ferens ol oo concn b e b b e
would include tlu. attitude and ab111Ly of the teaching staff, thu
overall climate of the school, and the environment of the nnghbor—
hood in which the school is located.

o
.

Difference scores, which are notably unreliable (Lord and Novick,
1969), were used to compare achievement results between students
in MICA schools and manual schools using a t-statistic. This
procedure, however, appeared to be the best procedure availahle
for answering the question posed.

6. The results of this study are only generalizable to students who
have received their education in the Madison schools while remaining
in the same elementary school. Mobility patterns vary considerably
among schools, depending primarily on the characteristics of the
community in which the school is located.

The following limitations and implications are relevant to Rescarch
Question Il. This question was not properly answered because the
results of the covariance analysis indicated the procedure was not
appropriate for the data under consideration. A forewarning of this
severe limitation was given whea the critical assumptions underlying
ANCOVA were cxamined. )

1)
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The use of intact grodps creates interpretation difficulties that
arce not prescent when the random assignment is used in forming the
experimental groups. This was the case for the results of Question 171,
vhere the recovded F-ratios from ANCOVA results were all less than 1.
Hays (1973) suggests that P-ratios whose values are less than | of ten
result when rundomization has not been suceessfully accomplished.
Further discussing this limitation Kirk (1969) states:

Even when analysis of covariance is skillfully used, we can never

be certain that some variable that has been overlcoked will not

bias the evaluation of the experiment. This problem is absent in
properly randomized experiments because the effects of all uncontrolled
variables are distributed among groups in such a way they can be

taken into account in the test of significance. The use of

intact groups removes this safeguard. p. 456.

Alternative Approaches

Given that ANCOVA is not appropriate for addressing this question,
one may ask if there is another statistical techmique that is appropriate.
In response, scveral other techniques were considered including blockinyg
and the analysis of variance (ANOVA) of diffcrence scores. These
techoniques, like ANCOVA, appear td have inherent weaknesses however.

Establishing meaningful blocking levels proved to be administratively
impossible dua to the differing runges in test score values recorded
for ecach of the nine schoels.

A limitation stated fer Question I was that differcuce scores
tend to be unreiiable (Lord and Novick, 1968). This limitaticn is
mich more profound and far-reaching for Research Question IT--making
conf idensee in the accuracy of resulis very douboful f
anaiyses were performed using differciace scores.

cubes opent

An alternative and less sophisticated approach involves applying
a onc-way ANCOVA vo each of the three achievement measures recorded
for each. This analysis would then provide information specific to
each assessment of each test. Subsequrut application of ANCOVA to
Spring assessment results revealed significant differences (p € .01)
existed among schools on both the Basic Concepts and Computation
tests. Statistical signficance was not attained, however, whoen ANCOVA
was applied to Fall testing scores on the Basic Concepts test.

Some readers may question our rationale for including the research
involved with Question II--especially in light of the fact that the
question was never really answered. It is our contention as researchers,
however, that we learn from our failures as well as our successes.
Other researchers, for example, could have encountered similar cir-
cumstances and resolved them in an alternative manner. Our approach
could then stimulate an alternative direction to be followed. Or
perhaps our conceptual approach to the problem will provide insight to
researchers who study similar preblems in the futurce. We hope that din
sharing our failures as well as our successes we can contribute to the
accumulating body of knowledge in educational research.,

ERIC .
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This paper presented a briefl history of the development of Computer
Managed Instruction (CMT). The focus of this paper has been on the
development and subsequent evaluation of the CHL effort located in the
Madison Metropolitan School District in Madison, Wisconsin. ‘This CMI
effort included about 900 fourth and fifth grade students in nine
clementary schools all having the same individualized curriculum,
Sherman math. Six of the schools used the computer prograam supporting
the CMT cffort, Management of Instruction with Computer Assistance
(MICA), during the 1975-76 acadenic yvear. The remainiuz three schools
used a manual system.

A summary of program evaluation results for this CMI effort was
presented.  These results revealed that the MICA system was effective
in relieving the teachers of clerical burdens and providing them with
usctul information--thus facilitating the process of individualizatioa
of instruction. The findings furthermore indicated that the quality
of instruction provided in the nine scliools was apparently quite
satisfactory. A final finding was that schools underwent few changes
in order to implement CMI.

Tn June of 1976 these encourazing results wore presented to the
Madisou Board of Fducation in hopes of receiving future funding for
the CML effort. Before waking any commitment, the Board requested
that the issues of program cost and program effect on student mathe-
matics achievement be rescarched.

As cost evaluacion of the MICA program revealed that adoption of
the program ints the school svstenm would result in significant cost/
student reduoctions over a ten yvear period.

Attempting to assess the eiicct of CML on student achievemenrt
posed a problenm of considerable conceptual difficuity. Many factors
influence student achievement to a greater extent than CMI, in fact,
CHI affects student performance only in an indirvect manner. An effi-
cient CMI system directly affccts tle teacher by relieving clerical
burdens and providing usceful information, therefore enriching the
instructional milicu. The classroom cnvironment, however, is only onc
of many factors influcncing student performance.

Despite this conceptnal limitation, it was necessary to resecarch
the velatiouship of student achicvement and CMI and & study was begun
in the Summer of 1976. Only fiith grade students were included in
this study. ‘this study Eccnsed on two questions. The first question
asked if there were differcnces in achievement patterns for students
in schools with the MICA softwave in contrast to students in manual
schools.  As expectod, the resules revealed no significant differences
between groups,

The purpose of the sceond citestion was to find our if implementing
a CML program affected a school's student performance.  The fact that
studeints were not randomly assizned to schools sceverely limited appli-
cation of comnonly used infervntinl statistical techniques, vesulting
in the question not being properls addressed.

16
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FUTURE DIRECTIONS

The results for the studies of cost effectiveness and achievement
outcomes as well as the results for the program evaluation previously
completed were presented to the Board of Education in August of 1976.
The purpose of this presentation was to request funding for the second
semester of the 1976-77 academic year.

One month -later the Board gave their decision which was not to
become involved in supporting the CMI effort. The primarv reason
given for this decision was that no appreciable gains in student
achicvement were observed.

The Madison CMI effort was discontinued January, 1977.

It is beyoad the scope of this paper to discuss the many factors
influencing this decision or to pose strategics which would have been
employed to change it.

The distressing fact is that educational computing in the form of
CMI is not present in Madison, Wisconsin, public schools due to lack
of local fuading. Unfortunately, such decisions are becoming alarmingly
common-place in school districts across the United States. Tn discussing
this national trend in a recent article of Computer Decisions, Harold
Peters laments that, "Despite a rise in performance and a drop in
prices, computers are being kept out of the classroom by inadequate
fundinag."  (p. 42),

1f we want our educational system to meet the needs of future
generat lons-—gencrations which will very likcly be very dependent on
computer technologv--it is necessary to bogin employing educational
computing in todav's classiooms. As pointed out by Peters (1976)
educators of today nusr realize:

The short-term benefits of increased investment is what is now a
marginal market will be hard to weasure. The long-range impli-
cations, however, are clear. Investment in educational computing
today is quite litcrnlyx, an investment in our future. (Emphasis

supplied) (p. 46)

1Y
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APPENDIX

1. Crucial assumptions for ANCOVA
2. Tables of descriptive statistics

CRITICAL ASSUMPTIONS FOR ANCOVA

Several assumptions must be mat for the analysis of covariance to
be a valid statistical technique. Assumptions crucial to the under—
lying rationale for the use of covariance analysis are that assignment
to treatments has been at random, that the covariate is independent of
treatments and that there is no treatment slope interaction (Elashoff,
1969). A discussion of how well tle design of this study for Research
Question II met these assumptions is contained in the remainder of
this Appendix.

Randomization:

The analysis of covariance is based on the assumption that individuals
vere assigned randomly and that all groups were treated exactly the
same except for treatments. Covariance adjustment procedures, howevcr,
are often recommended for reducing bias due to the covariate in stwdies
where the experimenter must work with intact groups. Winer (1971)
indicates that covariarce analysis can indeed be useful where assign-
ment to groups is not random but must be used with caution--particularly
if initial biases on the covariate can be controlled directly by use
of blocking.3 :

/

In thie study, intact groups were considered as students were not
randonly assiened to schools. Treatments in the form of each school's
involvement with Cill appeared to be assigned at randow. With the
exception of the Sherman Elementary School whose staff provided the
initial developmental leadership, the exposure of the remaining eight
schools to CMI was dictated by chaace occurrence. Elashoff {1969)
states that covariate analyses in such cases should be approached with
caution, howaver.

3Blocking was not used for this study for both practical and methodo-
logical reasons. Practically, it would have been difficult to
construct homogeneous blocks given the wide range of test score
distributions of the nine schools.” Methodologically, covariance
analyses appeared to be preferable in terms of the overall precision
provided. In comparing the precision of blocking versus covariance,
Cox, (i957) concluded that if the correlation coefficient f’ (between
the covariate and dependent measure) is less than 0.4 blocking is
preferable, if £ is greater than 0.6 covaviance is somewhat better
and if P 2 0.8 covariance ancelysis is appreciably better. 1In the
two cases identified for this study che cevvelation coefficients

were 0.84 and 0.76 respectively; thus, covariance appeared to be
preferable to blocking.
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Thus, it appedrs that the assumption of randomization has buen
violated in terms of random assignment of students to schouls, re-
sulting in intact groups {schools) being considerced. ANCOVA however,
can be useful in such situations but the results must be interpreted
with caution. In particular, we can never be sure that the covarisnce
adjustment has rewmoved all bias; in fact, some bias may still be
present from a disturbing variable which was overlooked.

Covariate is Indggpggent of "".eatmant:

A basic postulate underlying ANCOVA is that the covariate is
statistically ‘independent of the treatment cffect. To achieve sti-
tistical independcnice, the covariate should be measured prior to the
administration of treatmoents (which it was) and trecatments should be
assigned to groups at random (as discussed in the preceding section).
Elashoff (1969) suggests that in analysis of variasnce of the covariate
(Fall B:sic Concepts test) may be useful as an indication of whether
or not trcatments are affecting the covariate. An analysis of vari-
ance revealed that there was no significent differences (n < .01) among,
mean scores for the nine schouls on the Fall Basic Concepts teat,

No Treatment - Slogg Interactkgg:

The standard covariance analyeis procedure rests on the assumption
that the rzgression of the dependeut measure on the covariate was
lincar and that the slope is the same for all treatment groups.
Application of & general regreasion program revealed that less than a
onc per cont incresse unexplsined sun of squares rvesulted with the
additior of a quzdratic and/or cubic ternm. Heace, the assumpiiou of
linearity was apparently met.

The test of no-treatment-slope interaction is pevformed during
ANCOVA. The results of this test have been formally presented in the
results section of the papxr in Tables 3 and 4. TFor purposces of
explanation, it is noted here that this assumption was not violated

for either Case 1 or Case 2.

In summary, it appears that two crucial assumptions were met:
namely, that the covariate is independent of the treatment and that
there was no treatment slope interaction. The third crucial assump-
tion involving randomization of students to treatment groups was
violuated; ANCOVA, however, can be useful in such instances provided
caution is taker in dinterpreting results. In particular, in such
cases, we can never be sure that the covariate adjustment has removed
all bius.



T-hle 5

Mean and Standard Deviation Values on Achievement
Tests for Nine Schools Participating in the CMI Effort
(1975-76 Academic Year, Grade 5)

Achicvement
Test
Elemen-
tary
School STEP Test of Mathematics : STEP Test of Mathematics
: - Basic Concepts Computation
¥all Assessment Spring Assessment Spring Assessment
N X S.D. X S.D. X S.D.
Glendale 50 25.6 9.4 32.3 8.2 38.4 11.3
Muir 48 30.6 8.6 34.9 7.4 45.0 9.1
Sandburg 26 24,4 7.0 29.7 6.6 36.0 10.3
Schenk =~ 50 25.5 7.9 30.8 8.2 39.9 10.4
Sherman 42 24.9 7.6 29.5 8.2 38.3 11.4
Thoreau 51 31.3 §.1 35.7 7.1 45.6 8.9
Emerson 14 27.0 7.1 31.9 8.3 40.9 8.7
Laphis 36 23.9 G, 2 30.7 8.6 6.t 12.0
Spring
Harbor 25 29.0 9.6 34.0 8.2 41.2 11.0
Table 6
Pearson Product Momunt Correlation Coeificients
For Students Remaining in Madison Public Schools
From Grade 3 through Grade 5
(N = 342)
Grade 5 Assessment
(1975-756 Academic Year)
Spring basic Spring
Concepts Computation
Fn]l'Basic Coacepts .84 .76
Spring Basic Concepts .80
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